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RESUMEN
La radiaci´ on fotoionizante EUV y la radiaci´ on fotodisociante FUV de estrellas
nacientes fotoevaporan la nube donde nacen, llevando a la formaci´ on de grumos
densos que eventualmente podr´ ıan formar estrellas adicionales. Estudiamos los
efectos de incluir un ﬂujo fotodisociante FUV, en modelos de fragmentaci´ on de
una nube molecular fotoevaporada y autogravitante. Llevamos a cabo simulaciones
3D de la interacci´ on de una nube inhomog´ enea, neutra y autogravitante, con una
radiaci´ on externa de campos EUV y FUV, y calculamos el n´ umero y la masa de
los grumos que est´ an en colapso. Encontramos que la presencia de una regi´ on de
fotodisociaci´ on entre la regi´ on HII y la nube molecular tiene un efecto importante
en la formaci´ on de estructuras densas debido a la expansi´ on de una regi´ on HII.
En particular, incluir un campo FUV lleva a una formaci´ on m´ as temprana de un
n´ umero mayor de grumos densos, los cuales podr´ ıan llevar a la formaci´ on de un
n´ umero mayor de estrellas.
ABSTRACT
The EUV photoionizing radiation and FUV dissociating radiation from newly
born stars photoevaporate their parental neutral cloud, leading to the formation of
dense clumps that could eventually form additional stars. We study the eﬀects
of including a photodissociating FUV ﬂux in models of the fragmentation of a
photoevaporating, self-gravitating molecular cloud. We compute 3D simulations of
the interaction of an inhomogeneous, neutral, self-gravitating cloud with external
EUV and FUV radiation ﬁelds, and calculate the number of collapsing clumps and
their mass. We ﬁnd that the presence of an outer photodissociation region has an
important eﬀect on the formation of dense structures due to the expansion of an
HII region. In particular, including a FUV ﬁeld leads to the earlier formation of a
larger number of dense clumps, which might lead to the formation of more stars.
Key Words: HII regions — ISM: clouds — ISM: kinematics and dynamics — stars:
formation
1. INTRODUCTION
The expansion of an HII region into a surround-
ing, inhomogeneous molecular cloud leads to the
formation of complex, elongated “elephant trunk”
structures. Examples of this are the trunks in the
Eagle (Hester et al. 1996) and the Rosette (Carlqvist,
Gahm, & Kristen 2003) nebulae. Examples of simi-
lar (but larger) structures in external galaxies have
been found as well (Carlqvist 2010).
1Astronomisches Rechen-Institut, Heidelberg, Germany.
2Laborat´ orio de Astrof´ ısica Te´ orica e Observacional,
Bahia, Brazil.
3Instituto de Ciencias Nucleares, Universidad Aut´ onoma
de M´ exico, Mexico.
A considerable amount of theoretical work has
focused on the photoevaporation of a single, dense
clump, starting with the paper of Oort & Spitzer
(1955). This problem has been addressed both ana-
lytically (Bertoldi 1989; Bertoldi & McKee 1990) and
numerically (Leﬂoch & Lazareﬀ 1994; Dale, Bonnell,
& Whitworth 2007; Dale, Clark, & Bonnell 2007;
Dale & Bonell 2011; Ercolano et al. 2012). Sev-
eral simulations have included detailed treatments of
the radiative transfer and ionization (Mellema et al.
1998; Raga et al. 2009), and the study of clumps with
low amplitude density inhomogeneities (Gonz´ alez,
Raga, & Steﬀen 2005), with self-gravity (Esquivel
& Raga 2007) and with magnetic ﬁelds (Henney et
275©
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276 LORA ET AL.
al. 2009). These models are applicable to photoion-
ized regions in which individual neutral clumps are
clearly visible (the evident example of this being the
Helix Nebula, see, e.g., O’Dell, Henney, & Ferland
2005).
However, the observations of elephant trunks
suggest the presence of more complex density struc-
tures in the region with neutral gas. Attempts to
address this have included 3D simulations of the
propagation of ionization fronts into “multi-clump”
structures (Lim & Mellema 2003; Raga et al. 2009;
Mackey & Lim 2010, 2011) and into more complex
density distributions (Mellema et al. 2006; Esquivel
& Raga 2007; Mac Low et al. 2007; Gritschneder et
al. 2009; Ercolano & Gritschneder 2011; Arthur et
al. 2011). These simulations took into account the
following physical processes:
• direct gas dynamics+ionizing radiation transfer
(Lim & Mellema 2003; Mackey & Lim 2010),
• self-gravity (Esquivel & Raga 2007; Mac Low et
al. 2007; Gritschneder et al. 2010; Ercolano &
Gritschneder 2011),
• magnetic ﬁelds (Mackey & Lim 2011; Arthur et
al. 2011),
• the diﬀuse ionizing radiation ﬁeld (Raga et al.
2009; Ercolano & Gritschneder 2011).
An important eﬀect that has not been explored
in detail until very recently is the presence of a pho-
todissociating FUV radiation ﬁeld (together with the
photoionizing EUV radiation). Arthur et al. (2011)
presented numerical simulations including the FUV
radiation ﬁeld and obtained that the FUV ﬁeld can
have a clear dynamical importance in the formation
of dense clumps at the edge of an expanding HII
region. Their simulations include the presence of a
magnetic ﬁeld, but do not include the self-gravity of
the gas.
In the present paper, we discuss 3D simulations
which include the transfer of the EUV and FUV ra-
diation in a self-gravitating medium with an inhomo-
geneous initial density distribution. Our simulations
diﬀer from those of Arthur et al. (2011) in that they
do not include a magnetic ﬁeld, but do consider the
self-gravity of the gas (see § 2).
We then use the results of our simulations to cal-
culate the number of clumps (§ 3) and mass distribu-
tions of the dense clumps (§ 4). Finally, the results
are summarized in § 5.
2. THE NUMERICAL SIMULATIONS
We have carried out twenty-four 3D simulations
with the code described by Lora, Raga, & Esquivel
(2009). This code integrates the gasdynamic equa-
tions in a uniform 3D, Cartesian grid, together with
the radiative transfer of radiation at the Lyman
limit, and a hydrogen ionization rate equation, in-
cluding the self-gravity of the gas.
The radiative transfer and hydrogen ionization
are solved as follows. We place an ionizing photon
source (producing S∗ ionizing photons per unit time)
far away, outside the computational grid, and then
impose an ionizing photon ﬂux F0 = S∗/(4πR2
0) on
the boundary of the computational grid, where R0
is the distance from the grid boundary to the pho-
ton source (assumed to lie along the x-axis). The
ionizing photon ﬂux is then marched into the com-
putational domain as:
Fi+1,j,k = Fi,j,k e−∆τLy , (1)
where Fi,j,k is the ionizing photon ﬂux at the left
boundary (along the x-axis) of the (i,j,k) computa-
tional cell and
∆τLy = nHI (σH,ν0 + σd)∆x, (2)
where nHI is the neutral H density of cell (i,j,k),
∆x is the size of the cell (along the x-axis), σH,ν0 =
6.30 × 10−18 cm2 is the Lyman limit photoioniza-
tion cross section of HI and σd = 1.1 cm2 is the
FUV/EUV dust absorption cross section. This value
of σd is derived assuming that the EUV/FUV dust
absorption is A = 1.2×10−21 cm−2 NHI (the deriva-
tion of this relation is discussed by Vasconcelos,
Cerqueira, & Raga 2011). We should note that in
calculating the Lyman limit optical depth through
equation (2) we are assuming that the region of pho-
toionized H has no dust. If it did, one would have to
replace nHI by nH (the total H number density) in
equation (2). However, because of the low column
densities of the ionized H regions within our compu-
tational domain, it makes no diﬀerence whether or
not dust is present in these regions.
With the ionizing photon ﬂux F, we calculate the
H photoionization rate
φH =
￿
1 − e−∆τLy￿
F . (3)
This photoionization rate is then included in a HI
continuity equation:
∂nHI
∂t
+ ˙ ∇(nHIu) = nenHIIαH(T) − nHIφH , (4)
where nHI, nHII and ne are the neutral H, ionized H
and electron densities (respectivey) and αH(T) is the©
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EUV+FUV PHOTOEVAPORATION 277
recombination coeﬃcient of H. This equation is in-
tegrated together with the standard 3D gasdynamic
equations. The diﬀuse radiation is included only by
considering the “case B” recombination (to all levels
with energy quantum number N > 1).
To equations (1–4), which were included in the
code of Lora et al. (2009), we have now added the
transfer of FUV radiation, and an ionization rate
equation for CI. This has been done in the following
way. For the FUV photons, we solve the radiative
transfer problem at λ = 1100 ˚ A (the ionization edge
of the ground state of CI), considering the absorption
due to CI photoionization and to dust extinction.
We therefore calculate the optical depth for the FUV
photons in each computational cell as:
∆τFUV = (nCIσC,ν0 + nHIσd)∆x, (5)
where nCI is the CI number density and σC,ν0 =
1.22×10−17 cm2 is the photoionization cross section
at the CI ionization edge. We have assumed that
the dust extinction cross section (per H atom) has
the same values at the CI and HI ionization edges
(i.e. and λ ∼ 1100 and 900 ˚ A, respectively). With
this value for the FUV optical depth of the compu-
tational cells, we then use equations equivalent to
equation (1) and equation (3) to calculate the CI
photoionization rate. We then integrate a continuity
equation for CI (with the appropriate source terms,
such as equation 4 but for CI) together with the gas-
dynamic and HI continuity equations.
Instead of integrating an energy equation (with
appropriate heating and cooling terms), we compute
the temperature of the gas as:
T = (T1 − T2)xHII + T2xCII + T3(1 − xCII), (6)
where xHII and xCII are the H and C ionization frac-
tions (respectively), and T1 = 104 K, T2 = 103 K and
T3 = 10 K are the typical temperatures of photoion-
ized, photodissociated and molecular regions respec-
tively. Therefore, we do not calculate the photodis-
sociation of H2, and assume following Richling &
Yorke (2000), that it approximately follows the ion-
ization of CI.
From the paper of D´ ıaz-Miller, Franco, & Shore
(1998), we now take the EUV (λ > 912 ˚ A) pho-
ton rate SI and the FUV (912 ˚ A< λ <1100 ˚ A)
photon rate SD for a set of three main sequence O
stars (of eﬀective temperatures T = 50000, 45000
and 40000 K). For the EUV photons, we solve the
radiative transfer problem (parallel to the x-axis of
the computational grid) using the Lyman-limit H ab-
sorption coeﬃcient σν0(H) = 6.30 × 10−18 cm2, and
using the EUV ﬂux to calculate the HI photoioniza-
tion rate (this is completely equivalent to the models
of Lora et al. 2009).
For our simulations, we consider a computa-
tional domain of (3.0, 1.5, 1.5) × 1018 cm (along
the x-, y- and z-axes, respectively) resolved with
256 × 128 × 128 grid points. An outﬂow boundary
condition is applied on the x-axis boundaries, and
reﬂection conditions in all of the other boundaries.
This domain is initially ﬁlled with an inhomo-
geneous density structure with a power law power-
spectrum index of −11/3 (i.e., P(k) ∝ k−11/3, where
k is the wave number, see Esquivel et al. 2003). This
results in a density distribution with a dispersion of
≈2 times the mean density. We have chosen four dif-
ferent realizations of the density distribution, which
we use to compute models identiﬁed with the letters
M, O, D and E (each letter corresponding to one of
the chosen initial density distributions).
The medium is initially at rest. The computa-
tional domain is divided into an initially ionized re-
gion (with ionized H and C) for x < x0 = 4×1017 cm
and a neutral region (with neutral H and C) for x >
x0. The average density in the neutral medium is
100 times the average density in the ionized medium,
and the transition between the two follows a tanh
proﬁle with a width of ∼10 pixels. The resulting
neutral structure has a total mass of 228 M⊙. This
initial setup is identical to the one used by Lora et
al. (2009).
Other authors have used more complex initial
conditions for this kind of simulation, in particular,
including an initial velocity ﬁeld. This was done,
e.g., by Arthur et al. (2011), who took as initial con-
ditions the output from a 3D, turbulent cloud sim-
ulation. Other examples of initial conditions can be
found in Dale & Bonell (2011), Dale & Bonell (2012)
and Ercolano et al. (2012). However, as the ﬂow
motions induced by the photoionization and photo-
evaporation have velocities which are much larger
than the ones of the initial turbulent motions, in-
cluding these initial motions is unlikely to produce
large eﬀects on the results.
We assume that we have a stellar source situ-
ated 3 × 1018 cm from the edge of the computa-
tional domain in the −x direction. For this pho-
ton source we consider three possibilities, an O3
(Teﬀ = 50000 K), an O5.5 (Teﬀ = 45000 K) and
an O7.5 (Teﬀ = 40000 K) main sequence star. The
EUV and FUV ﬂuxes computed by D´ ıaz-Miller et al.
(1998) for such stars are given in Table 1.
We then compute simulations with the EUV and
FUV ﬂuxes given in Table 1 (models M1-3, O1-3,©
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278 LORA ET AL.
TABLE 1
MODEL PARAMETERS
Models Teﬀ log10 SI log10 SD SD/SI
103 K photons s−1
M1, O1, D1, E1a,b 50 49.89 49.54 0.45
M2, O2, D2, E2a,b 45 49.35 49.16 0.65
M3, O3, D3, E3a,b 40 48.78 48.76 0.96
aModels with letters M through E have identical FUV and EUV ﬂuxes,
and correspond to diﬀerent initial density distributions (see the text).
bModels M1B-E1B, M2B-E2B and M3B-E3B have the same values of SI
as models M1-E1, M2-E2 and M3-E3 (respectively), but have SD = 0.
D1-3 and E1-3, with letter M-E corresponding to the
four diﬀerent initial density distributions, see above),
and simulations with the same EUV ﬂuxes but with
zero FUV ﬂux (models M1B-3B, O1B-3B, D1B-3B
and E1B-3B). As can be seen from Table 1, the mod-
els with the same number (second character of the
model identiﬁcation) have the same impinging EUV
ﬁeld. The set of models with zero FUV ﬁelds (mod-
els M1B-E3B) has a transition from T3 = 10 K in
the region with neutral H to T1 = 104 K in the pho-
toionized region (see equation 6), with no intervening
photodissociated region, and are therefore equivalent
to the models of Lora et al. (2009).
3. RESULTS
In Figures 1 and 2, we show the mid-plane den-
sity stratiﬁcations and the positions of the H and
C ionization fronts obtained for a t = 2.5 kyr (Fig-
ure 1) and t = 100 kyr (Figure 2) integration time for
models M1, O1, D1 and E1. In Figures 3 and 4, we
show the same density stratiﬁcations, obtained for a
t = 2.5 kyr (Figure 3) and t = 100 kyr (Figure 4) in-
tegration time for the models with zero FUV ﬂuxes:
M1B, O1B, D1B and E1B.
In the models with non-zero FUV ﬂuxes (see Fig-
ures 1 and 2) we see that the C and H ionization
fronts are separated by a photodissociated region
(with CII and HI) with a width of ∼1018 cm in
the t = 2.5 and 100 kyr frames. The neutral re-
gion (to the right of the C ionization front) develops
progressively denser regions which collapse under the
combined eﬀects of the compression ahead of the C
ionization front and the self-gravity of the gas. As
expected, the higher temperature, photodissociated
region does not develop such dense structures.
For the models with zero FUV ﬂuxes (models
M1B-E1B, see Figures 3 and 4) there is of course
no photodissociated region.
Qualitatively similar time-evolutions are ob-
tained for all of the computed models. Of course,
the details of the fragmentation of the neutral gas
into dense clumps diﬀer in all simulations. These
diﬀerences are quantiﬁed in the following subsection.
3.1. Number of clumps as a function of time
We take the density stratiﬁcations resulting from
our 24 simulations (see Table 1), and compute the
number of clumps present at diﬀerent integration
times. To calculate the number of clumps, we deﬁne
a cutoﬀ density ρc, and count all spatially contiguous
structures with densities ρ ≥ ρc.
Following Lora et al. (2009), we choose three
diﬀerent cutoﬀ densities ρc = 10−20, 10−19 and 3 ×
10−18 g cm−3 (corresponding to number densities of
atomic nuclei ∼4600, 46000 and 1.4 × 106 cm−3).
For the models without a FUV ﬁeld (models
M1B-E3B), we count clumps in the neutral H region.
For the models with non-zero FUV ﬁelds (models
M1-E3, see Table 1), we count clumps that satisfy
one of the two following conditions:
1. that their material has neutral H,
2. that they have neutral C.
Notably, these two criteria result in identical clump
numbers for the ρc = 10−19 and 3 × 10−18 g cm−3
cutoﬀ densities (see Figures 5, 6, and 7). For ρc =
10−20 g cm−3, the second criterion results in some-
what larger clump numbers. In the computation of
the clump numbers, we calculate averages over each
of the sets of four models with identical parameters
(see Table 1) but with diﬀerent initial density struc-
tures.
The results obtained from this clump counting
exercise are given in Figure 5 (models M1-E1 and
M1B-E1B), Figure 6 (models M2-E2 and M2B-E2B)©
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Fig. 1. The t = 2.5 kyr, xy-mid-plane density stratiﬁca-
tions of models M1, O1, D1 and E1 (with non-zero FUV
ﬁelds, see Table 1). The density stratiﬁcations are shown
with the logarithmic gray scale given (in g cm
−3) by the
top right bar. In the four frames, we show the contour
corresponding to an H ionization fraction of 50% (black
line), which indicates the position of the HI/II ioniza-
tion front. The blue lines show the width of the HI/II
region. The contour corresponding to a C ionization frac-
tion (white line) of 50%, which indicates the position of
the CI/II ionization front, is also shown. The pink lines
show the width of the CI/II region. The x and y-axes
are labeled in cm. The color ﬁgure can be viewed online.
and Figure 7 (models M3-E3 and M3B-E3B). These
ﬁgures show the number of clumps (averaged over
20 kyr time-intervals) as a function of the integration
time, obtained with the three chosen cutoﬀ densities.
From Figures 5–7, we see that for the ρc =
10−20 g cm−3 cutoﬀ density, the number of clumps
ﬁrst decreases rapidly, and then stabilizes (for t >
20 kyr) at a value of ≈100 for most of the models.
Actually, if for the models with nonzero FUV ﬁeld we
count clumps with neutral C, the number of clumps
Fig. 2. Same as Figure 1, but for t = 100 kyr (see Ta-
ble 1). The color ﬁgure can be viewed online.
stabilizes at a value of ∼200 (see the top panels of
Figures 5–7).
For the ρc = 10−19 g cm−3 cutoﬀ density, the
number of clumps starts at a value of ∼3×103, and in
all models decreases to ∼200 within the ﬁrst ∼50 kyr
of the time-evolution. For larger times, in the mod-
els with zero FUV ﬂux (M1B-E1B, M2B-E2B and
M3B-E3B, bottom panels of Figures 5, 6, and 7, re-
spectively), the clump number decreases and then
stabilizes (for t > 30 kyr) at a value of ≈50.
For ρc = 3×10−18 g cm−3, the models with zero
FUV ﬂux take ∼50 → 70 kyr to develop the ﬁrst
clump, and by t = 130 kyr they have developed ∼40
clumps. The models with non-zero FUV ﬂux (top
panels of Figures 5–7) develop the ﬁrst clump much
earlier, after only ∼10 kyr, and have about 70 clumps
at t = 130 kyr.
Even though our models with zero FUV ﬂux
(M1B, M2B and M3B) cover a factor of ∼13 in EUV
photon rates (see Table 1), except for relatively small©
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280 LORA ET AL.
Fig. 3. The t = 2.5 kyr, xy-mid-plane density stratiﬁ-
cations of models M1B, O1B, D1B and E1B (with zero
FUV ﬁelds, see Table 1). The density stratiﬁcations are
shown with the logarithmic gray scale given (in g cm
−3)
by the top right bar. In the four frames we show the
contour corresponding to an H ionization fraction of 50%
(black line), which indicates the position of the HI/II ion-
ization front, and also the contour corresponding to a C
ionization fraction (white line) of 50%, which indicates
the position of the CI/II ionization front. The blue lines
show the width of the HI/II region. The x and y-axes
are labeled in cm. The color ﬁgure can be viewed online.
eﬀects (e.g., the earlier appearance of high ρc clumps
in model M1B-E1B, see the bottom panel of Fig-
ure 5) they show qualitatively similar trends of num-
ber of clumps as a function of time. Our models with
non-zero FUV ﬂux (M1-E1, M2-E2 and M3-E3, see
Table 1) also cover a factor of ∼6 of FUV photon
production rates, and these three models also show
qualitatively similar time evolution of the number of
clumps (top panels of Figures 5–7).
From this, we conclude that for the range of early
to late O-type stars chosen, the fragmentation of
Fig. 4. Same as Figure 3, but for t = 100 kyr (see Ta-
ble 1). The color ﬁgure can be viewed online.
the neutral structure into clumps presents a simi-
lar behavior regardless of the spectral subclass of
the star. We also see that including the eﬀect of
the FUV photons does produce important diﬀerences
(see the above list of 3 items). The eﬀect of intro-
ducing the FUV ﬂux is to increase the number of
ρc = 3×10−18 g cm−3 clumps (from ∼40 to ∼70) at
the ﬁnal, t = 240 kyr integration time of our simu-
lations.
3.2. The clump mass distributions
We now focus on a t = 150 kyr evolutionary time,
in which a sizable population of clumps has devel-
oped in all models (see Figures 5–7). For the strat-
iﬁcations resulting from all models at this time, we
compute the mass distributions of the clumps ob-
tained with the ρc = 10−19 and 3 × 10−18 g cm−3
cutoﬀ densities. We do not compute the distribu-
tions for ρc = 10−20 g cm−3 because at t = 150 kyr
they only have one clump which includes basically
all of the neutral region of the ﬂow.©
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Fig. 5. The top panel shows the number of neutral
clumps obtained from models M1, O1, D1 and E1 (with
non-zero FUV ﬂuxes, see Table 1) as a function of time,
for the three chosen density cutoﬀs. The bottom panel
shows the number of neutral clumps for the same density
cutoﬀs but for models M1B, O1B, D1B and E1B (with
zero FUV, see Table 1). In the top panel, the two solid
lines correspond to a ρc = 10
−20 g cm
−3 cutoﬀ density,
with clumps with neutral H (thin line) and with neutral
C (thick line).
The resulting clump number vs. mass distri-
butions are shown in Figure 8 (models M1-E1 and
M1B-E1B, see Table 1), Figure 9 (models M2-E2 and
M2B-E2B) and Figure 10 (models M3-E3 and M3B-
E3B). If we look at the ρc = 10−19 g cm−3 clump
mass distributions (top panels of Figures 8, 9, and
10), we observe that the distributions of all models
have two clumps in the high mass, 102 → 103 M⊙
bin, and for models with non zero FUV ﬂux 2–4
clumps in the low mass, 10−3 → 10−2 M⊙ bin.
The distributions of the models with zero FUV
ﬂux (M1B-E1B, M2B-E2B and M3B-E3B) have 0-
1 clump in the 10−2 → 10−1 M⊙ range, while the
distributions of the non-zero FUV ﬂux models (M1-
E1, M2-E2 and M3-E3) have 4–6 clumps in this mass
range.
Fig. 6. Same as Figure 5, but for models M2, O2, D2 and
E2 (top panel) and M2B, O2B, D2B and E2B (bottom
panel).
Therefore, the main eﬀect of including a non-
zero FUV ﬁeld is mostly to enhance the ρc =
10−19 g cm−3 number of clumps in the 10−3 →
100 M⊙ mass range.
If we look at the ρc = 3 × 10−18 g cm−3 clump
mass distributions (bottom panels of Figures 8, 9,
and 10), we see that the three models with zero FUV
ﬂux (M1B-E1B, M2B-E2B and M3B-E3B) show very
similar clump mass distributions, with one clump in
the 10−2 → 10−1 M⊙ mass range for model M1B-
E1B, and no clumps in this mass range for models
M2B-E2B and M3B-E3B. In the 10−2 → 101 M⊙
range, all of the models with non-zero FUV ﬂux have
5–9 clumps, generally having 2–6 more clumps in this
range than the zero FUV models (3 clumps).
Therefore, the presence of an FUV ﬂux allows the
formation of more low mass, ρc = 3 × 10−18 g cm−3
clumps, than the zero FUV ﬂux models.
4. SUMMARY
In a previous paper (Lora et al. 2009), we have
studied the formation of dense clumps in the interac-©
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Fig. 7. Same as Figure 5, but for models M3, O3, D3 and
E3 (top panel) and M3B, O3B, D3B and E3B (bottom
panel).
tion of a photoionizing radiation ﬁeld with an inho-
mogeneous medium (with an initial power law spec-
trum of density ﬂuctuations). The applicability of
these models to real astrophysical ﬂows (associated
with expanding HII regions) was questionable be-
cause of the absence (in the models) of a photodis-
sociation region preceding the HI/II ionization front.
In this work, we present a set of numerical sim-
ulations which explore the eﬀect of a FUV radiative
ﬁeld, which produces a photodissociation region out-
side the HII region. To this eﬀect, we compute 3D
simulations which include the photoionization of H
and C, assuming that the CI/II ionization front ap-
proximately coincides with the outer edge of the pho-
todissociation region (as initially suggested by Rich-
ling & Yorke 2000). Arthur et al. (2011) calculate
numerical simulations in which a diﬀerent approxi-
mation is used for determining the outer edge of the
photodissociation region, but which lead to similar
results.
From our simulations, we obtain the masses and
the number of clumps (deﬁned as contiguous re-
gions of density higher than a given cutoﬀ density
Fig. 8. Neutral clump mass distribution for two cutoﬀ
densities (ρc = 10
−19 and 3 × 10
−18 g cm
−3) for the
integration time t = 150 kyr for models M1, O1, D1 and
E1 (left panels) and M1B, O1B, D1B and E1B (right
panels).
Fig. 9. Same as Figure 8, but for models M2, O2, D2
and E2 (left panels) and M2B, O2B, D2B and E2B (right
panels).
ρc, see § 3). We calculate models with photoioniz-
ing/photodissociating stars at ≈1 pc from the com-
puted region, and explore a range from early to late-
type O stars (using the EUV and FUV photon rates©
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Fig. 10. Same as Figure 8, but for models M3, O3, D3
and E3 (left panels) and M3B, O3B, D3B and E3B (right
panels).
presented by D´ ıaz-Miller et al. 1998). We also com-
pute models setting the FUV ﬂux to zero, in order
to isolate the eﬀects of having a non-zero FUV ﬂux.
We ﬁnd that including the photodissociation re-
gion produced by a non-zero FUV ﬂux has the fol-
lowing main eﬀects:
• clumps with low cutoﬀ densities (ρc =
10−19 g cm−3) are slightly depleted (see §§ 3
and 4),
• denser clumps (with ρc = 3×10−18 g cm−3) de-
velop earlier than in the models with zero FUV
(see Figures 5–7),
• a larger number of dense clumps (with ρ > ρc =
3×10−18 g cm−3) is produced, and these clumps
have a broader mass distribution than in the
zero FUV models (see § 4).
From this, we conclude that the presence of an
outer photodissociation region has an important ef-
fect on the formation of dense structures due to the
expansion of an HII region in an initially inhomo-
geneous medium. In particular, including a FUV
ﬁeld leads to the earlier formation of a larger num-
ber of dense clumps. This in principle, might lead
to the formation of more young stars. However, our
simulations do not have the resolution nor do they
include the physical processes necessary for deter-
mining whether or not the clumps actually collapse
to form one or more stars.
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